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OBJECTIVES The aim of our study was to evaluate the diagnostic accuracy of 16-multi-detector spiral
computed tomography (MDCT) with 188 ms temporal resolution.
BACKGROUND Because of rapid technical innovations, MDCT coronary imaging has significantly improved
in the last five years. Recent results indicate a high diagnostic accuracy, especially in patients
with clinical suspicion of coronary artery disease (CAD).
METHODS A total of 72 consecutive patients (30 women, 42 men, age 64  10 years) scheduled for
invasive coronary angiography (ICA) because of suspected CAD were additionally studied by
MDCT (Sensation 16 Speed 4D, Siemens, Forchheim, Germany). Thirty-seven of 72
patients (51%) received an additional beta-blockade before MDCT because of heart rates
65 beats/min. The MDCT scans were analyzed regarding the presence of coronary artery
lesions. Results were compared with ICA.
RESULTS All 72 scans showed diagnostic image quality (heart rate: 64.1 9.2 beats/min, calcium mass:
86  156 mg). Thirteen coronary segments were evaluated in each patient. Sixty-two of 936
(6.6%) segments showed a nondiagnostic image quality. All segments were included in the
analysis. A total of 117 relevant lesions (diameter stenosis 50%) were detected using ICA,
and 96 of 117 (82%) were detected by MDCT. Sensitivity, specificity, and positive and
negative predictive values for the whole study group were as follows: 82%, 98%, 87%, and
97%, respectively. The correct clinical diagnosis of presence or absence of significant CAD
was obtained in 65 of 72 (90%) patients. All stenoses were detected by MDCT in 52 of 72
(72%) patients.
CONCLUSIONS Our results indicate a high diagnostic accuracy of 16-slice MDCT with improved temporal
resolution. (J Am Coll Cardiol 2005;45:123–7) © 2005 by the American College of
ublished by Elsevier Inc. doi:10.1016/j.jacc.2004.10.050Cardiology Foundation
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wince 1999, mechanical multi-detector spiral computed
omography (MDCT) systems have been available for a
oninvasive detection of coronary artery disease (CAD). In
utumn 2003, an MDCT generation using 16 slices for
ardiac imaging, together with an improved gantry rotation
ime (16  0.75 mm, 375 ms), was introduced. The present
tudy evaluated feasibility, image quality, and clinical accu-
acy of this MDCT generation in detecting coronary artery
esions in patients scheduled for invasive coronary angiog-
aphy (ICA) because of the clinical suspicion of CAD.
ETHODS
tudy population. A total of 72 consecutive patients
cheduled for ICA were additionally studied by MDCT.
he local ethics committee had approved the study proto-
ol, and all patients gave informed consent. Exclusion
From the *Department for Radiology, Division of Diagnostic Radiology, and the
Department for Internal Medicine, Division of Cardiology, Eberhard-Karls-
niversity of Tuebingen, Tuebingen, Germany.0
Manuscript received May 7, 2004; revised manuscript received September 3, 2004,
ccepted October 21, 2004.riteria were known CAD, irregular heart rate, contraindi-
ations against iodinated contrast agents, and elevated
erum creatinine levels (1.5 mg/dl). Patients with heart
ates 65/min received additional oral beta-blockade (50 to
00 mg metoprololtartrate) 45 min before MDCT angiog-
aphy. A cutoff of 65 beats/min was based on previous
ndings revealing best image quality in heart rates 65
eats/min (1).
can protocol. The MDCT datasets were acquired using
ensation 16 Speed 4D (Siemens Medical Solutions, Forch-
eim, Germany) with 375 ms gantry rotation time and 16
etector slices. A native scan was performed to determine
oronary calcifications (16 1.5 mm, 3.8 mm/rotation, 133
A at 120 kV). The contrast-enhanced scan (80 ml, Imeron
00) with electrocardiographic pulsing (2) was obtained
fter an extra scan (20 ml, Imeron 400; determination of
ontrast agent transit time) within one single breath-hold
15 to 20 s, 16  0.75 mm, 3.8 mm/rotation, 650 mA at
20 kV). Axial images were reconstructed at 60% RR-
nterval, and in case of motion artifacts at the time point
ith best image quality (slice thickness 1.0 mm, increment
.5 mm, kernel B 30f).
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Diagnostic Accuracy of 16-Slice CT January 4, 2005:123–7he MDCT image interpretation. Two readers, blinded
o the results of ICA and to all clinical information,
valuated the MDCT scans in a joint reading on an offline
orkstation (Leonardo, Siemens, Germany). Coronary cal-
ifications were assessed and quantified on native scans
calcium mass  mg calcium hydroxyapatite). Contrast-
nhanced scans were investigated using axial slices and
-mm thin slab maximum intensity projections (Vitrea 2,
ital Images, Plymouth, Minnesota). Image quality was
lassified as: 1  excellent, (no motion artifacts); 2  good
minor motion artifacts); 3  moderate (substantial motion
rtifacts, but luminal assessment possible), 4  heavily
alcified (vessel lumen obscured by calcification); and 5 
lurred (no luminal assessment possible). An image quality
core (IQS) was calculated for each patient as the average of
he classification of the 13 segments ([ segments 1 to
3]/13). The readers assessed relevant lesions with a diam-
ter stenosis50%. Results were documented separately for
3 coronary segments (right coronary artery [RCA]: seg-
ents 1 to 4; left main [LM]: segment 5; left anterior
escending coronary artery [LAD]: segments 6 to 10; left
ircumflex artery [LCx]: segments 11 to 13 [3]).
The clinical diagnosis based on MDCT was considered
o be correct if the detection/exclusion of any relevant lesion
50% corresponded with the findings of ICA.
Abbreviations and Acronyms
CAD  coronary artery disease
CVD  cardiovascular disease
ICA  invasive coronary angiography
IQS  image quality score
LAD  left anterior descending coronary artery
LCx  left circumflex artery
LM  left main (segment 5)
MDCT  multi-detector spiral computed tomography
RCA  right coronary artery
Table 1. Patient Characteristics
Study Group
(n  72)
Age (yrs) 64  10
(40–79)
Heart rate (min) 64.1  9.2
(43–88)
Beta-blockade 60
Framingham risk (%) 13.5  9
(1–30)
Calcium mass (mg CaHa) 86  156
(0–853) (0
Body mass index (kg/m2) 28  3.5
(21.3–38.1)
Vessel diameters 2.97  0.81
Exclusion CAD* 36
1-vessel disease* 18
2-vessel disease* 7
3-vessel disease* 11*According to invasive coronary angiography; †unpaired t test; ‡ch
CAD  coronary artery disease; CaHa  calciumhydroxiapatituantitative coronary angiography. The ICA was con-
idered the reference standard for the detection of relevant
esions (50% diameter stenosis) and was performed ac-
ording to standard techniques. All angiograms were eval-
ated by one blinded independent observer using quantita-
ive coronary analysis (Philips Medical Systems, Einthoven,
he Netherlands).
tatistical analysis. Categorical data are presented with
bsolute frequencies and percentages, continuous variables
s their means  standard deviations. Unpaired t tests were
sed to compare categorical data. Chi-square tests were
erformed to evaluate gender differences. Values of p 0.05
ere considered to reveal statistically significant differences.
egments could be viewed as nested within vessels that are
ested within patients. The influence of nested effects was
valuated by correlating their sensitivities and specificities.
ll analyses were conducted using Jump 5.1 Software (SAS,
ary, North Carolina).
ESULTS
atient population. Cardiovascular risk factors were dis-
ributed as follows: hyperlipoproteinemia 52 of 72 (72%),
ypertension 51 of 72 (71%), smoking 23 of 72 (32%),
iabetes 13 of 72 (18%), and family history 11 of 72 (15%).
he patient characteristics are summarized in Table 1.
hirty-seven of 72 (51%) received additional beta-blockade
ecause of heart rates 65 beats/min, 12 of 72 (17%)
atients did not receive any beta-blockade (5 of 30 female,
of 42 male, p  1.0).
mage quality. All 72 scans showed sufficient image qual-
ty, and no patient or segment was excluded from the
nalysis. A total of 936 (72  13) segments were evaluated.
mage quality was as follows: excellent  330 (35.3%)
egments; good  323 (34.5%) segments; moderate  158
16.9%) segments; heavily calcified  63 (6.7%) segments;
lurred 62 (6.6%) segments. The IQS was 2.13 0.75 (1
Male
 42)
Female
(n  30) p Value
3  10.6 64.5  10.6 0.61†
40–79) (43–79)
2 7.7 67.1  10.3 0.02†
43–83) (61–88)
35 25 1.0‡
7  8.8 9  7.3 0.0004†
(2–30) (1–30)
0  186 50  86 0.12†
, median 39) (0–388, median 10)
8  3.6 27.8  3.5 0.86†
.5–38.1) (21.3–34.8)
4 0.78 3.07  0.89 0.45†
16 20 0.2‡
14 4 0.05‡
3 4 0.09‡
9 2 0.08‡(n
63.
(
6
(
1
11
–853
2
(21
2.9i-square test. p value  comparison male/female.
e.
t
T
q
g
g
s
0
s
c
0
L
d
M
l
l
(
p
9
d
v
e
p
p
7
8
w
n
T
b
h
p
I
o
l
n
r
t
(
C
w
o
w
D
T
q
i
t
6
d
H
a
c
m
le
2.
N
um
be
r
of
C
or
on
ar
y
Se
gm
en
ts
W
ith
D
ia
gn
os
tic
Im
ag
e
Q
ua
lit
y
R
C
A
1
2
3
4
L
M
L
A
D
6
7
8
9
10
L
C
x
11
12
13
(n
um
be
r
of
sg
ts
)
28
8
72
72
72
72
72
36
0
72
72
72
72
72
21
6
72
72
72
C
T
(n
um
be
r
of
sg
ts
)
27
7
72
70
69
66
72
32
8
72
72
71
60
53
19
7
69
65
63
va
lu
ab
le
al
l
96
.2
10
0
97
.2
95
.8
91
.6
10
0
91
.1
10
0
10
0
98
.6
83
.3
73
.6
91
.2
95
.8
90
.3
87
.5
C
T
11
5
30
29
29
27
30
13
0
3
30
30
23
17
85
30
27
28
al
e
(%
)
(9
5.
8)
(1
00
)
(9
6.
6)
(9
6.
6)
(9
0)
(1
00
)
(8
6.
6)
(1
00
)
(1
00
)
(1
00
)
(7
6.
6)
(5
6.
6)
(9
4.
4)
(1
00
)
(9
0)
(9
3.
3)
C
T
16
2
42
41
40
39
42
19
8
42
42
41
37
36
11
2
39
38
35
le
(%
)
(9
6.
4)
(1
00
)
(9
7.
6)
(9
5.
2)
(9
2.
8)
(1
00
)
(9
4.
3)
(1
00
)
(1
00
)
(9
7.
6)
(8
8.
1)
(8
5.
7)
(8
8.
9)
(9
2.
8)
(9
0.
5)
(8
3.
3)
al
ue
*
0.
97
1.
0
0.
98
0.
96
0.
93
1.
0
0.
29
1.
0
1.
0
0.
94
0.
69
0.
27
0.
76
0.
83
0.
98
0.
74

in
va
si
ve
co
ro
na
ry
an
gi
og
ra
ph
y;
L
A
D

le
ft
an
te
ri
or
de
sc
en
di
ng
;L
C
x

le
ft
ci
rc
um
fle
x;
L
M

le
ft
m
ai
n
(s
eg
m
en
t
5)
;M
D
C
T

m
ul
ti-
de
te
ct
or
sp
ir
al
co
m
pu
te
d
to
m
og
ra
ph
y;
R
C
A

ri
gh
t
co
ro
na
ry
ar
te
ry
.
125JACC Vol. 45, No. 1, 2005 Kuettner et al.
January 4, 2005:123–7 Diagnostic Accuracy of 16-Slice CTo 3.8, median 2.04). Detailed results are summarized in
able 2. To evaluate the influence of heart rate on image
uality, the patient cohort was subdivided into two groups:
roup 1  65 beats/min (n  47, 59  4.7 [43 to 65]);
roup 2  65 beats/min (n  25, 74  7.1 [66 to 88]). A
ignificant influence on the overall IQS was found (1.97 
.76 vs. 2.42  0.67; p  0.015), but the number of
egments without diagnostic image quality was not signifi-
antly different (35 of 611 [5.7%] vs. 27 of 325 [8.3%]; p 
.16).
esion detection. A total of 117 relevant lesions were
etected using ICA, and 96 of 117 (82%) were detected by
DCT (Fig. 1). In 52 of 72 (72%) patients, all relevant
esions were detected by MDCT. The majority of missed
esions were located in distal segments and side branches
Table 3). Sensitivity, specificity, and positive and negative
redictive values for all patients and segments were 82%,
8%, 87% and 97%, respectively; after the exclusion of
iagonal and marginal branches (segments 9, 10, and 13)
alues were 88%, 98%, 91% and 98%, respectively; after
xclusion of patients with a calcium mass 300 mg (n  5
atients, 526  202, 388 to 852, median 408), as well as for
atients with heart rates 70 beats/min (n  14 patients,
7.7  6.9, 70 to 88, median 78), values were 86%, 98%,
5%, and 98%, respectively. The correct clinical diagnosis
as obtained in 65 of 72 (90%) patients. The influence of
esting was calculated as 96 of 117 to 94 of 115  0.3%.
hus, sensitivity and specificity could not be underestimated
y more than 0.3%. They would have been overestimated
ad negative findings shown a higher correlation than the
ositive ones. But this bias was not observed.
nfluence of gender on diagnostic accuracy. Seventy-six
f 90 lesions were correctly detected in men, and 20 of 27
esions in women. Sensitivity, specificity, and positive and
egative predictive values were 84%, 98%, 89%, and 97%,
espectively, in men, and 74%, 98%, 76%, and 98%, respec-
ively, in women. The IQS was comparable in both groups
2.13  0.77 vs. 2.12  0.76; p  0.96). The prevalence of
AD was 59% (25 of 42) in men and 33% (10 of 30) in
omen (p  0.2). A correct clinical diagnosis could be
btained in 38 of 42 (90.5%) men and in 27 of 30 (90%)
omen (p  0.95).
ISCUSSION
he important finding of the present study is that image
uality and diagnostic accuracy of noninvasive MDCT
maging could be further improved by the use of 16 slices
ogether with a faster gantry rotation time.
In our study evaluating the entire coronary tree, only
.6% of coronary segments, in majority side branches and
istal vessel segments, showed no diagnostic image quality.
owever, although MDCT imaging is becoming more
ccurate, a complete visualization of the entire coronary tree
an still not be expected, and further technical improve-
ents are required until MDCT might challenge ICA as Ta
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Diagnostic Accuracy of 16-Slice CT January 4, 2005:123–7eference imaging modality in patients with suspicion of
AD (4).
The previously reported promising results on non-
nvasive lesion detection (5–9) could be reproduced in our
tudy. The most relevant clinical information obtained by
DCT imaging, the correct clinical diagnosis, could be
chieved in our study in 90% of patients, which was
omparable with recently reported data (78% [5], 85% [6],
3% [7], 100% [8]). However, the results from all of these
ingle-center studies need to be confirmed by multi-center
rials.
Despite lack of statistically significant differences in
igure 1. Image example: 49-year old male presenting with typical ches
omputed tomography (MDCT) and invasive coronary angiography (ICA
marked by an arrow) and a normal right coronary artery (RCA). (1a) Cor
isualizing the high-grade lesion induced by a non-calcified plaque. (1c)
able 3. Diagnostic Accuracy of MDCT Per Segment and Per V
RCA 1 2 3 4 LM
esions 50% on ICA 7 13 10 4
ensitivity (%) 91 86 85 100 100 10
pecificity (%) 99 100 100 100 96 10
PV (%) 91 100 100 100 57 10
PV (%) 99 99 96 100 100 10
P 6 11 10 4
P 0 0 0 3
N 65 59 62 65 7
N 1 2 0 0
alues are expressed in %.
FN  false negative; FP  false positive; NPV  negative predictive value; PPV
s in Table 2.ultiplanar reconstruction. (2a) Coronary angiography of the RCA. (2b) MDC
ranch; LV  left ventricle; PT  pulmonary trunk; VB  ventricular branchrevalence of CAD, patient characteristics, or image quality,
here was a trend to a higher diagnostic accuracy in men
ompared with women. This observation is surprising and
equires further evaluation because our study was not
esigned to elucidate this question. It is, however, in
eeping with other noninvasive tests, for example, exercise
lectrocardiography or radionuclide perfusion imaging (10).
Limitations of MDCT are radiation exposure (1.5 to 2
Sv for calcium scoring, 4 to 6 mSv for the contrast
nhanced scan [2]), the need for iodinated contrast agents,
nd the fact that a reduction of heart rate by using
eta-blockade is still recommendable. However, MDCT
and pathological exercise-electrocardiogram. Both multi-detector spiral
aled a significant left anterior descending coronary artery (LAD) stenosis
angiography showing a severe lesion in the LAD. (1b) MDCT axial slice
T three-dimensional volume rendering technique. (1d) MDCT curved
LAD 6 7 8 9 10 LCx 11 12 13
10 22 8 7 7 8 11 9
80 90 91 87 57 42 75 88 73 67
97 97 98 100 97 95 98 98 98 97
84 82 95 100 67 50 84 88 89 75
96 98 96 99 96 94 96 98 95 95
9 20 7 4 3 7 8 6
2 1 0 2 3 1 1 2
60 49 64 63 62 63 60 61
1 2 1 3 4 1 3 3
sitive predictive value; TN  true negative; TP  true positive; other abbreviationst pain
) reve
onary
MDCessel
1
0
0
0
0
1
0
1
0T-volume rendering technique of the RCA. Ao  aorta; DB  diagonal
.
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January 4, 2005:123–7 Diagnostic Accuracy of 16-Slice CTives information on vessel lumen, atherosclerotic plaque
omposition, and functional parameters by one single ex-
mination (11).
In conclusion, noninvasive MDCT imaging is becoming
ore and more accurate. However, further improvements of
patial and temporal resolution are still required to challenge
iagnostic invasive coronary angiography.
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